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CLEAN COPY OF SUBSTITUTE SPECIFICATION 

DESCRIPTION 
GAS BARRIER FILM AND GAS BARRIER LAMINATE 

TECHNICAL FIELD 

The present invent ± on relates to a gas barrier film and a 
gas barrier laminate. 

CROSS — REFERENCE TO PRIOR APPLICATION 

This is a U.S. National Phase Application under 35 U.S.C. 
§371 of International Patent Application No. PCT/JP2 005/001017 
filed January 26, 2 005, and claims the benefit of Japanese 
Patent Application No. 2004-018518 filed January 27, 2004, both 
of which are incorporated by reference herein. The 
International Application was published in Japanese on August 
4, 2005 as WO 2005/070665 Al under PCT Article 21(2) . 

BACKGROUND ART 
Heretofore, a gas barrier film obtained by using a 
plastic film as a base material and forming an inorganic thin 
film made of aluminum oxide, magnesium oxide or silicon oxide 



2 

on the surface of the plastic film using- a vacuum deposition 
method, a sputtering- method , a CVD method or an ion plating 
method has widely been used in packaging applications so as to 
package articles requiring barrier of various gases such as 
steam and oxygen, and to prevent deterioration of foods, 
industrial products and drugs . Intense interest is shown 
towards, in addition to packaging applications, applications of 
the gas barrier films to a portion of a transparent conductive 
sheet used in 1 i quid crys tal display , solar oat tery , 
electromagnetic wave shielding, touch panel, substrate for EL, 
and color filter. The gas barrier film is excellent in 
printability because of excellent wettability of an inorganic 
thin film, and is therefore widely used as a printed packaging 
material . 

Various improvements and s tudies have been made for the 
purpose of preventing deterioration of gas barrier properties 
of the gas barrier deposited plastic film, and there has been 
known a method of improving gas barrier properties while 
maintaining transparency by subjecting the deposited film to a 
water absorption treatment and a heat treatment (see, for 
exampl e , Japanes e Unexamined Patent Application , First 
Publication No. Hei 2-29982 6) and a method of forming a coated 
layer made of various po lyur ethanes , various polyesters, or a 



mixture of polyur ethane and polyester on the deposited surface 
( see , for* example , Japanese Unexamined Patent Application , 
First Publication KTo . Hei 2-50837 ) . Also there have been known 
gas barrier laminated films obtained, by coating a gas barrier 
resin such as a mixture of a water soluble polymer and a metal 
alkoxide, a vinyl i dene chloride-based copolymer or an ethylene 
vinyl alcohol copolymer (hereinafter referred to as "EVOH" ) on 
the deposited surface (see, for example, Japanese Unexamined 
Patent Application , First Publ i cat ion No . Hei 8-267637 and 
Japanese Unexamined Patent Application, First Publication ISTo . 
Hei 7-80986 ) . 

With respect to paramagnetic defects in silicon oxide, Pb 
center (g value: 2.003) due to defects of an interface between 
S i and Si0 2 and E ' center ( g value : 2.001) due to defects o f 
oxygen vacancy in S i a.s observed by an electron spin 
resonance method ( ESR method) have been known (J. Appl . Phys . , 
Jpn . 7 0 , 8 52 (2 001) ) , and there has been proposed a gas barrier 
film comprising silicon oxide formed by a CVD method in which 
radi cal dens i ty of the E ' center obs erved by the ESR method i s 
specified (see, for example, Japanese Unexamined Patent 
Application, First Publication No. 2002-192646) . 

However, gas barrier properties of a film comprising an 
inorgani c thin f i lm layer formed thereon described in Japanes e 
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Unexamined Patent Application, First Publication No. Hei 2 — 
2 99826, Japanese Unexamined Patent Application, First 
Publication No. Hei 2— 5083V, Japanese Unexamined Patent 
Application, First Publication No. Hei 8— 26763V and Japanese 
Unexamined Patent Application, First Publication No. Hei 7 — 
80986 are still considered to be insufficient and thus a film 
having- excellent gas barrier properties has been required. 

In a gas barrier film comprising a silicon oxide thin 
film formed thereon described in Japanese Unexamined Patent 
Application, First Publication No. 2002-192646, radical density 
of the E ' center is defined. However, the silicon oxide formed 
by a vacuum depos i t ion method has a s tructure compris ing the Pb 
center as a main component, and it was found to be difficult to 
specify the structure by the E ' center so as to obtain 
excellent gas barrier properties by radical density. 



DISCLOSURE OF THE INVENTION 

Under these circumstances , the present invention has been 

made and an object thereof is to provide a gas barrier film 

having improved gas barrier properties of an inorganic thin 
film, and a laminate comprising the gas barrier film. 

Under these circumstances, the present inventors have 
intensively studied so as to achieve the above object and found 
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that 1 t becomes possible to improve gas barrier properties by 
adjusting radical density of trie Pb center of a silicon oriole 
film within a proper range in case of depositing or post- 
treating a gas barrier film comprising an inorganic thin film 
formed thereon. Thus, the present invention has been completed. 

That is, the gas barrier film of the present invention 
includes a base material, and an inorganic thin film composed 
of a silicon oxide film formed on one or both surfaces of the 
base material, wherein radical density of the Pb center of the 
silicon oxide film observed by an electron spin resonance 
method (ESR method) is from 1 x 10 16 to 1 x 10 19 spins/cm 3 . 

The gas barrier film of the present invention includes a 
base material, and an inorganic thin film containing silicon 
oxide and the other metal component formed on one or both 
surfaces of the base material, wherein radical density of the 
Pb center of the silicon oxide in the inorganic thin film 
observed by an ESR method is from 13 x 10 14 to 3 x 10 17 
spins /mol . 

The gas barrier film of the present invention includes a 
base material, and an inorganic thin film containing silicon 
oxide formed on one or both surfaces of the base material, 
wherein a ratio of radical density (S2) of the Pb center 
measured after heating the gas barrier film at 120 9 C for 24 
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hours to radical density (Si) of trie Pb center; of trie inorganic 
thin film observed by an ESR method, (S2/S1) , is 0.5 or more. 

The gas barrier laminate of the present invention 
includes the gas barrier film, a printed layer formed on the 
surface of the inorganic thin film of the gas barrier film, and 
a heat seal layer laminated on the printed layer . 

The gas barrier laminate of the present invention 
includes the gas barrier film comprising the inorganic thin 
film and a top coat layer formed on the surface of the 
inorganic thin film, a printed layer formed on the surface of 
the top coat of the gas barrier film, and a heat seal layer 
laminated on the printed layer . 

The gas barrier f i lm and the laminate of the present 
invention exhibit excellent gas barrier properties while 
suppressing increases of the number of steps and cost as 
compared with the prior art, and also exhibit sufficient gas 
barrier properties immediately after the production, and are 
therefore of great value in view of satisfactory 
characteristics which have recently been required to the 
packaging film . 



BEST MODE FOR CARRYING OUT THE INVENTION 
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Preferred examples of the pr es en t invention will now be 
described . The present invention is not limited to the 
following respective examples and, for example, constituent 
elements of these examples may be appropriately combined . 

As the bas e material in the pres ent invention , a pi as tic 
base material is preferably used and the plastic base material 
is not specifically limited as far as it is made of a resin, 
which can be used as a conventional packaging material , as a 
raw material. Specific examples of the resin include base 
materials made of raw materials, for example, amorphous 
polyolef in such as polyolef in or cyclic polyolef in (homopolymer 
or copolymer of ethylene, propylene or butane) ; polyester such 
as polyethylene t erephthalate or polyethylene- 2 , 6 -naphthalat e ; 
polyamide such as nylon 6, nylon 66, nylon 12 or copolymer 
nylon; ethyl ene— vinyl acetate copolymer partial hydrolysate 
( EVOH ) , polyimide, polyether imide , polysulfone, 

polyethersul f one , polyether ether ketone, polycarbonate (PC) , 
polyvinyl butyral , polyal lylat e , fluororesin, acrylate resin, 
and biodegradable resin such as olylactic acid, succinic acid 
or s tar ch . Among thes e raw materials , po lyes ter , polyamide , 
polyolefin and biodegradable resin are preferable 

The base material of the present invention is preferably 
made of the above resins as the raw material and may be an 
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undrawn toa.se ma terial or a drawn bas e material . Alternatively, 
the bas e material may be laminated with the other plastic base 
material . 

This bas e material is preferably a base material in the 
form of a film in view of productivity of a thin film and can 
be produced by a conventionally known method. 

For example, a substantially amorphous and non-oriented 
undrawn film can be produced by melting a raw resin in an 
extruder and extruding the molten resin through a cyclic die or 
a T-die, followed by quenching . A. film drawn in the monoaxial 
direction can be produced by drawing in the flow (longitudinal) 
direction of the film or the (cross) direction perpendicular to 
the flow direction of the film using a conventionally known 
method such as monoaxial drawing, Tenter type successive 
biaxial drawing. Tenter type simultaneous biaxial drawing or 
tubular type simultaneous biaxial drawing method. The 
thickness of the film is usually selected within a range from 5 
to 500 um, and preferably from 10 to 200 um, according to the 
purposes, for example, taking account of mechanical strength, 
flexibility and transparency required to the base material of 
the laminate of the pres ent invent! on . The width and the 
length of the film are not specifically limited and can be 
appropriately selected according to the purposes. 



9 

To improve adhesion between the bas e material and the 
inorganic thin film, an anchor coat layer is preferably formed 
between the base material and the inorganic thin film. As the 
method of forming the anchor coat layer, coating an anchor 
coating agent on the surface of the base material can be 
employed and the inorganic thin film may be formed on the 
anchor coat layer thus formed. 

As the anchor coating agent, for example, there can be 
used solvent soluble or water soluble polyester resin, 
isocyanate resin, urethane resin, acrylic resin, vinyl alcohol 
resin, ethylene vinyl alcohol resin, vinyl —modi fied resin, 
epoxy resin, o>cazoline group- containing resin, modified styrene 
resin, modified silicone resin and alkyl titanate alone or in 
combination . 

The thickness of the anchor coat layer is usually from 
0.005 to 5 um, and preferably from 0.01 to 1 um . When the 
thickness is more than 5 um, slipperiness may deteriorate and 
the anchor coat layer is likely to be peeled off from the film— 
or sheet— like base material by internal stress of the anchor 
coat layer itself. On the other hand, when the thickness is 
less than 0 . 005 um, uniform thickness may not be attained. 

To improve coatability and adhesion of the anchor coating 
agent to the f i lm , the surface of the bas e material may be 
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subjected to a chemical treatment or a discharge treatment 
before coating. 

As the inorganic substance constituting the inorganic 
thin film to be formed, on the base material, silicon oxide is 
most preferable because it is easily formed by the vacuum 
deposition method and excellent gas barrier properties can be 
stably maintained. The inorganic thin film can contain, in 
addition to silicon oxide, other metal components (including 
metal compounds, the same shall apply hereinafter) . Examples 
of the metal component include oxide, carbide and nitride of 
metals such as aluminum, magnesium, potassium, lithium, calcium, 
sodium, titanium, lead, tin, and their mixtures. 

The thickness of the inorganic thin film is usually from 
O . 1 to 500 rim , and preferably from O . 5 to 40 nm . When the 
inorganic thin film is too thin, sufficient gas barrier 
properties can not be obtained with ease. On the other hand, 
if the inorganic thin film is too thick, the deposited film may 
cause cracking or peeling, or transparency may deteriorate. 

In the gas barr i er f i lm o f the first invent ion according 
to the present invention, it is necessary that the radical 
density of the Pb center of the silicon oxide film observed by 
the ESR method using silicon oxide as the inorganic substance 
is preferably from 1 x 10 16 to 1 x 10 19 spins/cm 3 , and more 
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preferably from 1 x lO 17 to 8 x lO 18 spins / cm 3 . 

Trie radical density of trie Pb center can be calculated by 
a comparative determination method using the ESR method. 

Gas barrier properties are improved by adjusting the 
radical density of the Pb center within the above range. 

The radical density of the Pb center of the inorganic 
thin film can be controlled by controlling the amount of the 
inorgani c thin f i lm to be depos i ted whi 1 e intr oduc ing a gas 
such as oxygen during the deposition. It can also be 
controlled by irradiating an evaporation material with electron 
beam or ion beam during the depos i t ion . 

Although optimum conditions suited for obtaining gas 
barrier properties vary depending on the kind of a deposition 
apparatus, film formation conditions can be optimized by 
measuring the radical density of the Pb center while varying 
the deposition conditions . 

Gas barrier properties can be improved by decreasing the 
radical concentration of the Pb center by subjecting to a heat 
treatment, a hot water treatment, an electron beam treatment, 
an ultraviolet treatment or radical trapping agent coating 
treatment after forming the inorganic thin film. 

It is particularly preferable to coat an acidic solution 
such as hydrochloric acid, sulfuric acid, nitric acid, acetic 
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acid or phosphoric acid. Trie acidic solution preferably has a 
pH within a range from 2 to 6.5, and preferably from 3 to 6. 
When the pH is less than 2 , barrier properties deteriorate by 
d am age to the inorganic thin film. When the pH is more than 
6.5, there is exerted less effect of decreasing radical density. 

In the second embodiment according to the present 
invention, it is necessary that the radical concentration of 
the Pb center of silicon oxide in the inorganic thin film is 
adjusted within a range from 3 x lO 14 to 3 x 1 0 17 spins/mol, and 
preferably from 3 x lO 15 to 2 x 1 0 17 spins /mo 1 using an 
inorganic thin film composed of silicon oxide and a metal 
component other than silicon oxide. 

When the inorganic thin film contains the metal component 
other than silicon oxide, gas barrier properties are improved 
by adjusting the radical concentration of the Pb center of 
silicon oxide within the above range. 

The radical density of the Pb center of silicon oxide is 
calculated by a comparative determination method using the 
above ESR method. When an element other than silicon coexists 
in the inorganic thin film, an element ratio of the inorganic 
thin film is determined using an X— ray pho toelec tron 

spectroscope and the radical concentration of the Pb center per 
1 mol of silicon can be calculated from the specific gravity 
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and the thickness of the thin film determined by a- density- 
gradient tube method after removing the thin film. 

In the third embodiment according to the present 
invention, it is necessary that a ratio of radical density (S2 ) 
o f the Pb center measured after heating the gas barr ier f i lm at 
120 S C for 24 hours to radical density (Si) of the Pb center of 
the inorganic thin film observed by an ESR method, ( S2 /SI ) , is 
0.5 or more . The inor gani c thin f i lm in whi ch S2/S1 is 0.5 or 
more causes less change in gas barrier properties with time and 
is also excellent in gas barrier properties . 

As described above, S2/S1 can be adjusted to 0.5 or more 
by controlling radical density. 

When the radical density of the Pb center increases, the 
number of bonds between atoms may decrease. It is estimated 
that, when the ratio exceeds the above numerical value, defects 
arise in the thin film and barrier properties deteriorate. 

In any of the above embodiments, a top coat layer is 
preferably formed on the inorganic thin film formed on the base 
material so as to improve protection and adhesion. 

Examples of the top coat layer include layers made of 
solvent soluble or water soluble polyester resin, isocyanate 
resin, urethane resin, acrylic resin, vinyl alcohol resin, EVOH 
resin, vinyl -modi f i ed resin, epoxy resin, oxazoline group— 
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containing resin, modified styrene resin, modified silicone 
resin and alkyl titanate a 1 one or in combination. As the top 
coat layer, for example, there can be used a layer made of a 
mixture obtained toy mixing at least one kinds of inorganic 
particles selected from silica sol, alumina sol, particulate 
inorganic f ill er and layered inorganic f i 1 ler wi th at leas t one 
resin described above so as to improve barrier properties, 
abrasivity and slipperiness , or a top coat layer made of a 
resin containing inorganic particles obtained by polymerizing 
the raw material of the above resin in the presence of the 
inorganic particles . Among these layers , a top coat layer made 
of at least one resin selected from polyester resin, urethane 
resin, acrylic resin and oxazoline group— containing resin, and 
a top coat layer made of the above resin obtained by adding at 
least one selected from silica sol, alumina sol, particulate 
inorganic filler and layered inorganic filler to the resin, or 
the resin obtained by polymerizing or condensing the resin in 
the presence of these inorganic particles is preferable. 

As used herein, the raw mat erial of the resin means a 
monomer constituting this resin when the resin is obtained by 
polymerization, and it means a material to be condensed such as 
diol, diamine or dicarboxylic acid when the resin is obtained 
by condensation. 
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In the above gas barrier film, trie surface of trie 
inorganic thin film layer or the surface of the top coat layer 
may be printed . 

The printing- is done try using a water— or s o lvent -based 
res in— containing ink:. As the resin contained in the ink, for 
example, an acrylic resin, a ure thane— bas ed resin, a polyester- 
based resin, a vinyl chloride-based resin, a vinyl acetate 
copolymer resin, and a mixture thereof can be used. 

To improve adhesion with the inorganic thin film, O . Ol to 
5% by mass of a silane coupling agent can also be added. 
Furthermore, known additives such as antistatic agents, light 
screening agents, ultraviolet absorbers, plas t ici zers , 
lubricants, fillers, colorants, stabilizers, def oamers , 
cross 1 inking agents, antiblocking agents and antioxidants can 
be added . 

As the printing method, known printing methods such as 
offset printing method, gravure printing method and screen 
printing method can be used. 

To dry the solvent contained in the printing ink, hot air 
drying , heat ed roll drying and infrared drying can be used. 

In the gas barrier film, a ratio of a value ( P2 ) of steam 
permeability measured after 48 hours to a value (PI) of steam 
permeability measured by the method defined in JIS K 7129B 
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after- 3 hours under the conditions of 40 Q C and 90%RH, (P2/P1) , 
is preferably 0 . 5 or more . This can be conducted by 
controlling the film formation state, deposition conditions 
and so on . 

In the gas barrier film of the present invention, steam 
permeability of the gas barrier film is usually 3 g/m 2 /day or 
less , preferably 2 g / m 2 / day or less , and more preferably 1 . 2 
g/m 2 /day or less . The lower limit is usually 0 . 0001 g/m 2 /day or 
more . 

Various gas barrier laminates obtained by laminating 
constituent layers other than those described above on the gas 
barrier film are preferably used according to the purposes . 
Such a gas barrier laminate will now be described. 

Examples of the gas barrier laminate of the present 
invention include those obtained by laminating a heat seal 
layer made of a heat sealable resin film on the surface of the 
inorganic thin film, the surface of the top coat layer or the 
surface of the printed layer of the gas barrier film. This gas 
barrier laminate is heat sealable with ease. 

Examples of the heat sealable resin include known resins 
such as polyethylene resin, polypropylene resin, EVOH resin, 
ionomer resin, EAA ( ethylene— acrylic acid) resin, EMM 
( ethylene-methacryl ic acid) resin, EMA ( ethyl ene-methyl 
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acrylate) resin, EMMA (ethylene-methyl methacrylate ) resin and 
EEA ( ethylene e thyl acrylate) resin. 

Examples of the gas barrier laminate of the present 
invention include a laminate obtained toy interposing- at least 
one paper and/or plastic film between the printed layer and the 
heat seal layer. 

The paper used in the laminate is not specifically 
limited and examples thereof include wood free paper, art paper 
and coat paper . 

The thickness of the plastic film to be laminated is 
usually within a range from 5 to 500 um, preferably from 10 to 
2 00 urn , according the purposes, taking account of mechanical 
and is selected strength, flexibility and transparency of the 
laminate . 

The width and the length of the film are not specifically 
limited and can be appropriately selected. 

The kind of the plastic film is not specifically limited 
and a po lyol e f in— bas ed film is preferable as a heat sealable 
film. A.s the film having excellent mechanical strength, a 
biaxial drawn polyester film and biaxial drawn nylon film are 
particularly preferable. 

The inorganic thin film 1 ayer may be located between the 
base material and the plastic film. When two or more plastic 
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films are laminated, an inorganic thin film layer- may be formed 
between plastic films and the number of the inorganic thin film 
is not limited to one. 

As the lamination method, a dry lamination method and an 
extrusion lamination method can be used . In this case, an 
adhesive may be used. As the adhesive, urethane— bas ed , 
polyester-bas ed and acryl ic adhesives are preferably us ed . 

To impart light screening properties and ultraviolet 
screening properties, a layer containing an ultraviolet 
absorber may be formed on the surface of the laminate or formed 
between layers . 

When the laminate of the present invention is used for 
packaging or used as a bag , a layer containing an oxygen 
absorber such as iron powder may be formed on the surface of 
the laminate or formed between layers so as to prevent 
oxidation deterioration of contents . The layer containing the 
oxygen absorber is preferably located between the inorganic 
compound and the surface contacted with the contents . 

In the gas barrier laminate of the present invention, a 
ratio of a value (P2 ) of steam permeability measured after 48 
hours to a value (Pi) of steam permeability measured by the 
method defined in JIS K 7129B after 3 hours under the 
conditions of 40 2 C and 9 0% RH , (P2/P1) , is 0.5 or more. This 
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can be conducted toy control of the film formation state, 
deposition conditions, selection of the heat seal layer, and 
selection of the paper to toe laminated between the printed 
layer and the heat seal layer, and the plastic film. 



EXAMPLE S 

The present invention will now toe described toy way of 
examples, tout the present invention is not limited to the 
following examples . 



Steam permeability 

Steam permeability was evaluated toy the following 
procedure according to various conditions defined in JIS K 
7129B . 

Using an apparatus W— 1 manufactured toy Modern Controls 
International, Inc. and using a gas toarrier laminated film 
measuring 10 cm x 10 cm as a sample, humidity of a dry air was 
adjusted to 10%RH or less and steam permeability was measured 
for 3 hours under the conditions of a temperature of 40 ~C and a 
r ela t i ve humi di ty of 9 0%, and then zero 1 evel measurement due 
to the dry air was conducted . After measuring for 48 hours , 
zero level measurement due to the dry air was conducted. 
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Measurement by ESR method 

Each of the gas barrier films comprising an inorganic 
thin film formed therein in the respective examp 1 es and 
comparative examples was cut to obtain a cylindrical sample 
measuring 3 cm x 3 0 cm. After inserting the sample in a 
measuring tube, an absorption spectrum of a radical of the Pb 
center was measured by ESR JES-FA3 0 0® manufactured by JEOL Ltd. 
Then, radical density per an inorganic thin film carrier was 
determined by conversion with an absorption spectrum measured 
by spin labeling agent, TEMPOL® manufactured by JEOL Ltd. 

Calculation of radical concentration 

In case the inorganic thin film is made of silicon oxide 
and a metal component other than silicon oxide, the amount of 
silicon in the inorganic thin film was determined in the 
following manner. That is, an element composition ratio of the 
inorganic thin film was determined using an X— ray photoelectron 
spectroscope ESCA® Model 850 manufactured by Shimadzu 
Corporation and then the amount of silicon in the inorganic 
thin film was determined from the specific gravity determined 
by a dens i ty— gradi ent tube method after removing the thin film 
and the thickness determined by an electron microscope. The 
radical concentration spins /mol of the Pb center per 1 mo 1 of 
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silicon was calculated by the amount of silicon in the 
inorganic thin f i lm and the radical dens ity determined toy the 
ESR method. 

Example 1 

A. polyethylene terephthalate resin (hereinafter 
abbreviated to PET, manufactured toy Mitsubishi Chemical 



toy a conventional method to form a sheet, drawn in a 
longitudinal direction under the conditions of drawing 
temperature of 9 5 9 C and a draw ratio of 3 . 3 and then drawn in 
cross direction under the conditions of drawing temperature of 
1 1 0 - C and a draw ratio of 3.3 to obtain a 12 um thick biaxial ly 
drawn PET film. On one surface of the film, a mixture obtained 
by mixing an isocyanate compound (manufactured by Nippon 
Polyure thane Corporation under the trade name of w CORONATE® l_. " ) 
with a saturated polyester (manufactured by Toyobo Co. , Ltd. 
under the trade name of VYLON® 3 00) in a mass ratio of 1 : 1 was 
coated and dried to form a 0.1 um thick: anchor coat layer. 



introduced and SiO was evaporated under vacuum of 1.3 x 10" 2 Pa 
by a high-freguency heating system to obtain a plastic film 
comprising an inorganic thin film in which a thin film having 




Us ing a vacuum depos i t ion apparatus , an oxygen gas was 
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about 3 0 run is formed on trie anchor coat layer. 

On the surface of the thin film of the inorganic thin 
film, a dilute hydrochloric acid having a concentration of 1 x 
10~ 3 mol/L was coated using a bar coater , followed by wind- 
drying at 80 -C for 3 minutes to obtain a gas barrier film. 

Steam permeability and radical density of the Pb center 
having a g value of 2.003 of the gas barrier film were measured. 
After heating the gas barrier film in an oven at 120 e C, for 24 
hours, radical density of the Pb center was measured. The 
results are shown in Table 1 . 

Examp 1 e 2 

In the same manner as in Example 1 , except that the 
vacuum pressure during the deposition was adjusted to 5.3 x 10" 2 
Pa, a gas barrier film was obtained. The measurement results 
are shown in Table 1 . 

Example 3 

In the same manner as in Example 1, except that the 
concentration of dilute hydrochloric acid was adjusted to 1 x 
10" 5 mol/L, a gas barrier film was obtained. The measurement 
results are shown in Table 1 . 
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Example 4 

In the s a. me manner as ±n Example 1, except that cli luted 
STJ.lfu.2ric acid was used, in place of dilute hydrochloric acid 
having the same concentration, a gas barrier film was obtained. 
The measurement results are shown in Table 1. 

Example 5 

I n the s ame manner as in Examp 1 e 1 , exc ep t t ha t S i O of 
the deposition material was mixed with 10% aluminum, a gas 
barrier film was obtained. The measurement results are shown 
in Table 1 . 

Example 6 

Xn the same manner as in Example 1 , except that carbon 
monoxide was used as the gas introduced during the deposition 
and coating o f di lute hydrochloric acid was not conducted, a 
gas barrier film was obtained. The measurement results are 
shown in Table 1 . 

Example 7 

In the same manner as In Example 1, except that the 
vacuum pressure during the deposition was adjusted to 6.7 x lO" 3 
Pa and a heat treatment at 150 2 C for one hour was conducted in 



place of coating of dilute hydrochloric acid , a gas barrier 
film was obtained. The measurement results are shown in Table 
1 . 

Comparative Example 1 

In the same manner as in Example 1, except that coating 
of dilute hydrochloric acid was not conducted, a gas barrier 
film was obtained. The measurement results are shown in Table 
1 . 

Comparative Example 2 

In the same manner as in Example 1 , except that the 
concentration of dilute hydrochloric acid was adjusted to 1 x 
lO -7 mol/L, a gas barrier film was obtained. The measurement 
results are shown in Table 1 . 

Comparative Example 3 

In the same manner as in Example 1 , except that the 
vacuum pressure during the deposition was adjusted to 6.3 x 10 
Pa, a gas barrier film was obtained. The measurement results 
are shown in Table 1 . 
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Table 1 
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In Table 1, S2/S1 denotes a ratio of radical density ( S 2 ) 
of the Pb center- mea.su. reel after- heating the gas barrier film at 
120 e C for 24 hours to radical density (SI) of the Pb center of 
the inorganic thin film observed by an ESR method. P2/P1 
denotes a ratio of a value ( P2 ) of steam permeability measured 
after 48 hours to a value (Pi) of steam permeability measured 
by the method defined in JIS K 7129B after 3 hours under the 



2 6 

conditions of 40 2 C a_nd 9 0%RH . 

As ±s app a it en t from the results shown in Table 1, the gas 
bar r i er films comprising the silicon oxide thin film of 
Comparative Examples 1 to 3 in whi ch the radical dens i ty of the 
Pb center is not within a range from 1 x lO 16 to 1 x 10 19 
spins/cm 3 show high steam permeability and a low value of 0.2 
to 0.4 of P2/P1, whereas , the gas harrier film of Examples 1 to 
4, 6 and 7 in which the radical density of the Pb center is 
from 1 x 1 0 16 to 1 x 10 19 spins/cm 3 and the gas harrier film of 
Example 5 in which the radical concentration of the Pb center 
of the inorganic thin film is from 3 x 1 0 14 to 3 x 10 17 
spins/mol are excellent in gas barrier properties and are also 
excellent in durability of gas barrier properties because of 
low steam permeability and a high value of P2/P1 . 



INDUSTRIAL APPLICABILITY 
The gas barrier film and the laminate of the present 
invention are suited for packaging applications such as 
packaging of articles requiring barrier of various gases such 
as steam and oxygen and packaging for prevention of 
deterioration of foods, industrial products and drugs; and 
applications of a portion of transparent conductive sheet used 
in lipru-id crys tal di splay, solar battery, electromagnetic wave 



sln.lelca.ing, touch panel, substrate fox- EL, and color" filter. 



